ABSTRACT: Globally, riverine fish face many anthropogenic threats including riparian and flood plain habitat degradation, altered hydrology, migration barriers, fisheries exploitation, environmental (climate) change, and introduction of invasive species. Collectively, these threats have made riverine fishes some of the most threatened taxa on the planet. Although much effort has been devoted to identifying the threats faced by river fish, there has been less effort devoted to identifying the factors that may hinder our ability to conserve and restore river fish populations and their watersheds. Therefore, we focus our efforts on identifying and discussing 10 general factors (can also be viewed as research and implementation needs) that constrain or hinder effective conservation action for endangered river fish: (1) limited basic natural history information; (2) limited appreciation for the scale/extent of migrations and the level of connectivity needed to sustain populations; (3) limited understanding of fish/river-flow relationships; (4) limited understanding of the seasonal aspects of river fish biology, particularly during winter and/or wet seasons; (5) challenges in predicting the response of river fish and river ecosystems to both environmental change and various restoration or management actions; (6) limited understanding of the ecosystem services provided by river fish; (7) the inherent difficulty in studying river fish; (8) limited understanding of the human dimension of river fish conservation and management; (9) limitations of single species approaches that often fail to address the broader-scale problems; and (10) limited effectiveness of governance structures that address endangered river fish populations and rivers that cross multiple jurisdictions. We suggest that these issues may need to be addressed to help protect, restore, or conserve river fish globally, particularly those that are endangered. 
INTRODUCTION
Rivers are a type of running water ecosystem, fed by many smaller tributaries which collectively form a catchment basin (Hynes 1970) . Rivers represent important freshwater habitats, connecting inland areas to the world's oceans, typically with unidirectional flows. Moreover, rivers represent the interface between land and water (Hynes 1975) , with riparian zones serving as rich transitional habitats between ecotones within catchments (Pusey & Arthington 2003) . The world's rivers have incredible biodiversity (Allan & Flecker 1993) , with some rivers regarded as global biodiversity 'hot spots' (Myers et al. 2000) , despite the fact that at any one time they only contain a minuscule proportion (0.006% by volume) of the world's freshwater (Shiklomanov 1993) . Freshwater biodiversity in general is rich (Poff et al. 2001) , partic-ularly with respect to invertebrates, amphibians and fish, but our knowledge of freshwater biodiversity is incomplete (Allan & Flecker 1993 , Dudgeon et al. 2006 . However, it is well accepted that freshwater ecosystems, including rivers, represent some of the most endangered ecosystems in the world (e.g. Dudgeon 1992) . Indeed, declines in biodiversity tend to be greater in fresh waters than in most other habitats (Sala et al. 2000) . The ecological attributes of rivers are shaped largely by biogeochemical processes, and the morphology of rivers is strongly influenced by geology and climate (Imhof et al. 1996 , Ward 1998 . Rivers are also inherently variable along their length and through time, and this has contributed to the evolution of organisms that are highly adapted to dynamic conditions (Giller & Malmqvist 1998) .
Riverine ecosystems and their biological components, including fish (Holmlund & Hammer 1999) , provide many valuable ecosystem services. Perhaps it is partly for that reason that humans have long been drawn to settle adjacent to rivers in order to obtain water for irrigation and drinking, to generate hydroelectricity, transport of goods and services, collect food and for recreation. There are also a number of inherent biophysical characteristics that make running water ecosystems particularly susceptible to degradation and biodiversity loss, not the least of which is the fact that because of the unidirectional flow, activities upstream (e.g. pollution, water withdrawals, barriers) influence areas downstream (Malmqvist & Rundle 2002) . The threats facing rivers and their associated biodiversity can be broadly classified as habitat de gradation (a major driver), water pollution, invasive species, flow modification and overexploitation, with large-scale environmental changes such as nutrient loading, warming, and shifts in precipitation and runoff patterns, superimposed upon all 4 of these threat categories (Dudgeon et al. 2006 , Vörösmarty et al. 2010 . Of course, the underlying driver for all of these threats is human activity. Fish are particularly susceptible to the aforementioned threats for several reasons. First, fish are often top predators in riverine systems, so changes in food web structure often cascade up to influence the most visible (large) and charismatic species (Power 1990 ). In addition, fish have very specific environmental tolerances and habitat requirements, particularly for spawning and early life history (Moyle & Leidy 1992) . Changes in environmental conditions, habitat or ability to access habitats either laterally (e.g. floodplain pools) or longitudinally (e.g. upstream/ downstream migrations) can have devastating consequences on fish populations (Richter et al. 1997) .
It is because of the many overlapping, and in some cases synergistic, threats that freshwater fish represent some of the most imperilled taxa on the planet (Ricciardi & Rasmussen 1999) . Not surprisingly, as part of regional and international (i.e. IUCN Red List) threat assessments, many riverine fish have been characterized at some level of imperilment (Leidy & Moyle 1997) . Although much effort has been devoted to identifying the threats faced by river fish (see Dudgeon et al. 2006) , there has been less effort devoted to identifying the factors that hinder our ability to conserve and restore river fish populations and their watersheds. Therefore, the objective of this paper is to identify and discuss 10 general factors (which can also be viewed as research and implementation needs) that may hinder the ability to enable effective conservation action for endangered river fish. The paper is also intended to introduce and contextualize a series of papers in a Theme Section on endangered river fish that appeared in Endangered Species Research in 2011 and 2012.
FACTORS HINDERING CONSERVATION AND RESTORATION OF RIVERINE FISH POPULATIONS

Limited information on basic taxonomy and life history requirements of riverine fishes
Globally, the faunal assemblages of many riverine ecosystems have not been rigorously assessed. In some cases, the only information known about a given fish species is its name and a basic morphological description. In other cases, lack of taxonomic clarity hinders development of effective conservation strategies (Hogan 2011) . Other species have yet to be discovered, particularly in developing countries and regions that are difficult to access (e.g. South American and Asian forested regions; see Dudgeon 1992 , Junk & Soares 2001 , Kang et al. 2009 ), and some species could go extinct without our knowledge. Not unlike other fields (Wheeler 2004 ), there appears to be waning interest in fish taxonomy and systematics (i.e. ichthyology; Chakrabarty 2010), as well as the maintenance of collections, which is further limiting our ability to evaluate and conserve the fish biodiversity in running waters (Wheeler 1995 ). An absence of such information on the true magnitude of fish biodiversity in rivers should not be used as an excuse for inaction, but it is a deficiency that may need to be rectified. In the marine realm, the identification and cataloguing of species is regarded as sufficiently important to result in the formation of an international research project called the Census of Marine Life (Yarincik & O'Dor 2005) . However, we are unaware of similar efforts on a global scale in freshwater.
Beyond having a species list with basic taxonomic information and ideally some information on the abundance of river fish, another prerequisite to effective conservation is knowledge of fish natural history. Such basic information as food preferences (Butler & Wooden 2012 , this Theme Section) and critical habitat requirements (both at micro-and macro-scales; Hahn et al. 2011 , Knight et al. 2012 , McRae et al. 2012 , Spindler et al. 2012 , all this Theme Section) are lacking for many riverine fish, including those that are imperiled. As habitat is the building block for fish populations, it is essential to understand which habitats are used for feeding (Butler & Wooden 2012 , Spindler et al. 2012 ) at different life-stages and spawning (McRae et al. 2012) in order to enable designation and protection of critical habitats (Knight et al. 2012) . Also needed is information on environmental tolerances for physiochemical parameters such as dissolved oxygen, water temperature, pH and turbidity. Such information may be used to predict how fish will respond to proposed development activities (e.g. a hypolimnetic dam flow), conservation actions (e.g. establishment of buffer strips), or environmental change. Essentially, there is a need for extensive re search (much of which is descriptive) on fish−environment relationships and the factors that influence growth, reproductive success, offspring development (e.g. Kemp 2011 , this Theme Section), and survival (e.g. Hasler et al. 2011, this Theme Section) . Other basic information on life-history and reproductive biology including age-at-maturation and fecundity often do not exist for imperiled species. In contemporary fisheries management, such information is the basis for modeling and selection of various management actions. For example, in many high biodiversity countries managers need data on growth, reproductive success and survival to understand how exploitation influences population status, but such data are often not available for highly vulnerable (i.e. endangered) species (Jensen et al. 2009 ).
Lack of appreciation for the various scales on which river fish move/migrate
Many fishes need lateral and longitudinal connectivity of rivers to meet their life-history requirements, but the scale at which these connections are needed is still unclear (Fausch et al. 2002) . Because humans have altered the connectivity through channelization, levee and dam construction, dewatering of floodplains, and other activities, populations of large river fishes have declined or been extirpated. The primary connections lost by the alterations include longitudinal connection of the main channel caused by dams and diversions, and lateral connection of the river to its floodplain by dewatering, agriculture, and levee construction. Both of these connections operate at multiple spatial scales.
Longitudinal connectivity is often lost in rivers, particularly at large spatial scales. Of the 122 North American warmwater rivers discussed in Paukert & Galat (2010) , 68% have at least one dam on the main channel. Many fish make long distance migrations during spawning. For example, North American paddlefish can move over 300 km (Jennings & Zigler 2009) but are now restricted by dams in the main channel and tributaries of large rivers in the Mississippi River basin. Diadromous fish require migration corridors that extend from sea to river (e.g. Hasler et al. 2011 , Jepsen et al. 2012 , Mateus et al. 2012 , Walter et al. 2012 , all this Theme Section). In addition, even small-bodied, pelagic fishes may need at least 100 to 300 river km to sustain populations (Perkin & Gido 2011) . However, at smaller spatial scales, connectivity is still needed to meet many life-history requirements of river fishes (Winemiller et al. 2010) . Resource use may occur at these smaller spatial scales and be influenced by food availability, water temperature, and suitable habitats that may be found in patches within a river. Therefore, riverine fish conservation needs to include both a local spatial scale and broad spatial scales when considering longitudinal connectivity of rivers. Several species of freshwater fish, including sturgeon, salmon, anguillid eels, pimelodid and pangasiid catfish clearly make long distance migrations of hundreds if not thousands of km (Barthem & Goulding 1997 , Lucas & Baras 2001 , Carolsfeld et al. 2003 , Hahn et al. 2011 , Hogan 2011 . In other cases, the challenge is to determine if a species consists of many localized stocks making short distance movements or highly mobile stocks making long-distance migrations.
Determining the scale of freshwater fish migrations remains a research priority, particularly for imperiled species. Such knowledge is essential to inform the placement of fishways at migration barriers, although our knowledge of fishway design for nonsalmonids is lacking (e.g. Mateus et al. 2012 ). There are relatively few studies of non-salmonid swimming abilities to inform biological design criteria or studies of existing fishways to evaluate their effectiveness, despite river connectivity being a primary concern for non-salmonids (Pasbrig et al. 2012, this Theme Section) . For example, Thiem et al. (2011, this Theme Section) studied imperiled lake sturgeon at a fishway that was regarded as successful because individuals were captured in a trap at the top, but a telemetry study revealed that passage efficiency was actually closer to 35% as many fish that encountered the fishway failed to fully ascend it. It is worth noting that even for the comparatively well-studied salmonids, there still are problems with fish passage at barriers (Baisez et al. 2011, this Theme Section) . Improving our understanding of fish passage design criteria (both when they are needed and how they should be designed and operated) is critical for maintaining longitudinal connectivity. In addition, efforts to eliminate barriers could also prove effective in restoring populations of endangered river fish (e.g. Jepsen et al. 2012) .
Lateral connection from a main channel to its floodplain at local spatial scales is also needed to maintain imperilled river fishes (Bayley 1995 , Fernandes 1997 . At the local spatial scale, the connection of a river to its floodplain may provide off-channel habitats for foraging, food supply, and spawning (Junk et al. 1989 , Lorenz et al. 1997 ); these are often considered primary factors in the decline and imperilment of river fishes, and possibly also of migratory fish that access those reaches (assuming longitudinal connectivity is present). However, a few localized lateral connections to endangered river fishes may not provide the same benefits as lateral connections throughout an entire riverine network. Although lateral connections between the main channel and floodplains throughout a river network likely would provide access to nutrients and habitats for imperilled river fishes, these fishes may still need to have longitudinal access to these floodplains. The lateral connection to a floodplain may not be very useful if migratory fishes from the main channel are prevented from accessing the floodplain by a downstream dam or diversion. Therefore, large river fishes need connectivity to floodplain habitats (Junk et al. 1989 ) but longitudinal connectivity is also necessary for fluvial specialist fishes that primarily use main channel, flowing water habitats (Galat & Zweimüller 2001) .
Challenges to maintaining riverine connectivity include both biological and sociological aspects. Managers of large rivers may need to recognize that these are open systems that often cross political boundaries such as counties, states or provinces, or countries and therefore conservation may have to occur across these interjurisdictional boundaries. A biological challenge is that reconnecting riverine networks may allow migration of aquatic invasive species, release of upstream contaminants trapped in sediments, or excess nutrients. Therefore, managers may need to consider the cost and benefit of reconnections of large rivers as this may provide opportunities for native fish migration, but will also allow the transfer of undesirable products and organisms.
Limited understanding of fish-flow relationships
The flow regimes (magnitude and duration) of freshwater rivers are a key element for many lifehistory stages of riverine fishes and a primary driver of river ecosystems. The concept of environmental flows is a promising approach to maintenance of freshwater biodiversity and ecosystem services (Arthington et al. 2010) . However, river flows have been severely altered in rivers worldwide. Dynesius & Nilsson (1994) determined that discharge in 77% of the world's rivers is altered. Many have argued that rivers and streams need a natural flow regime to facilitate ecological function and biotic integrity (e.g. Poff et al. 1997) . However, the natural flow regime en compasses many factors such as magnitude, frequency, duration, timing, and rate of change and it is often difficult to directly link 1 aspect of river flows to a fish response. Many metrics and indicators have been used to classify stream flow (Olden et al. in press) , but often these classifications use many re dundant metrics (over 150; Olden & Poff 2003) . Most of the research related to flow and fishes is linked to spawning and recruitment. Riverine fish spawning may be linked to increased spring flows (e.g. Paukert & Fisher 2001 , Winemiller 2005 , Hasler et al. 2011 ), but low flows may be important to other species (e.g. Humphries et al. 1999) . Therefore, the relationship between flows and riverine fishes is often species specific (Paukert & Galat 2010) . In addition, the direct link between river fish persistence, growth, recruitment, or other life histories and specific flow metrics is often unknown. Some of the riverine systems that have not been dammed (e.g. the Mekong) lack information on fish-flow relationships, which impedes our ability to develop effective mitigation measures for future dams. Unfortunately, endangered fish are sufficiently rare that they are often not used in the study of fish-flow relationships, with the result that there is a tendency to rely on information generated from surrogates.
Restoring natural flow regimes has been proposed as a useful measure for dealing with non-native fish invasions. Although mimicking the natural flow regime may enhance native fish recruitment, it does not necessarily reduce non-native fish recruitment, particularly for highly fecund small-bodied nonnative fishes (Propst & Gido 2004) . Therefore, identifying the mechanisms and specific aspects of flow that help maintain native river fishes may be needed to maintain these native populations. Ideally, knowing the natural dynamics of river systems prior to human alterations would help in the effort, but knowledge of pre-human settlement conditions is rarely available.
Limited understanding of seasonal aspects of river fish biology
In north-temperate, montane and sub-polar re gions characterized by lengthy cold winters with ice and snow cover, there is a paucity of information on the biology of fish during the winter. Given that winter represents a very interesting and challenging time of year that exerts a strong selective pressure on individual survival for many species as well as community structure (Suski & Ridgway 2009) , there is a need for information on river fish biology during that period. In addition, river ice conditions can directly influence fish behavior and survival as well as alter habitat features (Brown et al. 2011 ). In the southern hemisphere and some tropical regions in the northern hemisphere, seasonal monitoring orients around the dry and wet (or monsoon) periods. In those re gions there tends to be additional fisheries re search during the moderate transition periods (i.e. between wet and dry seasons), but comparatively little re search during the extremes of the wet or dry seasons (but see Winemiller 1990 , Winemiller & Jepsen 1998 . The wet season, associated floods, and the formation of backwater areas is known as being critical for riverine fish so there have certainly been some re search efforts during that period (e.g. Hocutt & Johnson 2001 , Dudgeon 2005 . There is increased study of seasonal movement, habitat selection, site fidelity, and fish assemblage structure of imperilled river fishes (e.g. Modde & Irving 1998 , Stancill et al. 2002 . However, these studies are often observational and correlative and there is still a limited understanding of the mechanisms for seasonal shifts in fish populations. Many of these studies focus on spawning season, but very little research exists for rivers that spans the entire year in seasonally cold or wet and dry areas (Welcomme 1985) .
Predicting responses of river fish and river ecosystems to both environmental change and restoration/ management actions
Riverine systems have already been altered as a result of environmental change at a variety of scales. Most notably perhaps is the expectation that climate change will alter both river flows and temperatures. Given the important role of temperature for ectothermic animals such as fish (Brett 1971) , environmental changes likely will have an effect on fish and it is necessary to predict such changes to facilitate adaptation/ management strategies. Already, a variety of coldwater riverine fish are exhibiting evidence of climate change impacts. For example, Baisez et al. (2011) documented significant delays and mortality associated with high river temperatures for upstream migrating Atlantic salmon. Walter et al. (2012) advocate research efforts to identify the hydrological conditions necessary to positively impact fish recruitment under future climate conditions. In some jurisdictions, efforts have been made to predict the effects of development activities (e.g. dams) on river fish, this being a critical component in the evaluation of the true cost of a development project.
River managers and ecologists are often attempting to restore river function and native species through various management actions. Many of these actions are at smaller spatial scales (e.g. construction of wing dikes, bank stabilization, instream fish habitat structures) but some are at larger scales (e.g. Kissimmee River, Florida; Whalen et al. 2002) . In addition, other modifications may be at a local scale but have broader scale impacts. For example, dams are being removed throughout the USA and are reconnecting river systems. However, these restoration projects are often either not evaluated or have no clear objectives and metrics for success (Palmer et al. 2005) , are confounded by natural variability, or have shown limited success (Palmer et al. 2010) . Pretty et al. (2003) found that fish diversity and abundance did not differ between rehabilitated (i.e. creation of artificial riffles and flow deflectors) and control reaches in 13 UK rivers. Similarly, Schloesser et al. (in press) also found that notching wing dikes (to diversify river habitats to benefit native fishes) did not increase the occupancy or abundance of native fishes in a 1200 km reach of the Missouri River, USA. These are examples of correlative studies relating river restoration to metrics of fish abundance. However, there is little research on the mechanisms that link river restoration to increased native fish abundance, spawning, or other life histories (but see Roni et al. 2010) .
One primary challenge with evaluating restoration actions is that environmental variability is often very high in river systems, making it difficult to identify how an imperiled species restoration or management action has affected riverine fishes when other factors unrelated to the action also need to be considered. Changes in local or broad-scale climate that may affect stream temperature and flow may dictate fish responses (e.g. movement, spawning, and/or recruitment) and thus may confound management actions. Ideally, large-scale experiments and replication may help identify mechanisms for restoration. However, experimental or mechanistic evaluations of large river restoration are very difficult due to lack of replications. Experimental replication is a challenge in restoration projects because it is often not feasible to conduct experiments in numerous large rivers due to cost, scale, and because multiple use of rivers (e.g. navigation, recreation, agriculture) prohibit these actions. However, the use of adaptive resource management (Walters 2001) to evaluate large-scale restoration is becoming more popular when replication and multiple use are prohibitive. The process of adaptive resource management holds promise in large river systems and is now being used to evaluate res toration programmes throughout the United States (Doyle & Drew 2008) . In large riverine systems where multiple stakeholders are involved in the decisionmaking process the use of adaptive management to help restore systems may be a viable alternative.
Limited understanding of the ecosystem services provided by river fish
Rivers provide important ecosystem goods and services, including irrigation, recreation, transportation, hydroelectric power, bird and wildlife habitat, and food security (Postel & Carpenter 1997) . River fish, in particular, play a major, though often underappreciated, role in providing ecosystem services (reviewed in Holmlund & Hammer 1999) , such as transportation of nutrients (Schindler & Scheuerell 2002) , disease control (Stauffer et al. 1997) , seed dispersal (Goulding et al. 1996 , Barthem & Goulding 1997 , and food supply. In tropical regions especially, river fish are an important source of food. The Mekong River Basin, for example, produces over 2 million metric tonnes of fish per year, making it the most productive inland fishery in the world. The total harvest is valued at US $ 3.6 billion (i.e. 3.6 × 10 9 ) to 6.5 billion annually (Ferguson et al. 2011) . Such basin-wide values have not been calculated for many other regions, but the importance of river fish is likely to be substantial. In communities along the Madeira River in Bolivia (and in many communities throughout the Amazon basin) fish are the largest source of protein in the diet of local people (Boischio & Henshel 2000 , Dorea 2003 .
While the value of river fish may serve as an incentive to better manage freshwater ecosystems and fisheries (Hoeinghaus et al. 2009 ), this is not always the case. First, few river basins have been assessed for the value that their ecosystems services provide. Second, many systems have already been altered, and so identifying and valuing potential ecosystem services may be difficult. However, in areas where potential values have been determined, they are often significant. For example, Loomis et al. (2000) measured the economic value of lost ecosystem services on a 72 km reach of the Platte River, USA, and determined that services such as water purification, erosion control, and recreation have a value of between US $ 19 and 70 million dollars. Similarly, Hoeinghaus et al. (2009) examined the impact of impoundments on an important ecosystem service (artisanal fisheries) and found that, post impoundment, the effort needed to produce fish increased, while fisheries value decreased. Third, the value of ecosystem goods and services may not always be factored into management or development decisions, even when values for the goods and services exist. Recent plans to dam the mainstream Mekong River, despite an estimated loss of US $ 274 billion of ecosystem services, demonstrate that political decisions sometimes trump arguments based on value of river fish as an ecosystem good (Dugan et al. 2010 , Costanza et al. 2011 . Thus, lack of knowledge and appreciation of the ecosystem services provided by river fish is a significant challenge to their conservation (Beard et al. 2011) .
River fish and their habitats are inherently difficult to study
Rivers are particularly challenging environment in which to study fish (Casselman et al. 1990 ). Flowing water coupled with variable and often unpredictable depths (from very shallow, i.e. several cm, to reaches that are over 50 m deep) make rivers not only difficult to sample, but also dangerous. Moreover, many parts of river basins are remote and therefore difficult to access for monitoring and research (Valbo-Jørgensen & Poulsen 2001) . Some sampling tools such as electrofishing are ineffective in high flow environments, deep water (over 3 m), turbid water, or systems with exceptionally high or low conductivity. SCUBA and snorkelling are used in some rivers but high flows and turbidity can lead to unsafe and ineffective sampling. Many passive fishing gears such as trap nets, hoop nets and gill nets do not work well in high flow or deep waters. Moreover, endangered river fish are rare, so the detection probability of imperiled species is limited and varies by gear type, something that must be accounted for during research and monitoring (Schloesser et al. 2012 , this Theme Section). In some regions, explosives or piscicides are used with some success for monitoring, although such lethal sampling techniques should be used with caution when working with endangered species. In large rivers without large amounts of debris, trawl nets can be used. Given the challenges of sampling fish in rivers of all sizes, particularly those that are nonwadeable, there is a general lack of information on the abundance, assemblages and trends in riverine fish communities and particularly endangered species. Obviously, the size of the system, environmental characteristics, sensitivity (i.e. stress, injury, mortality) of an endangered species to interaction with sampling gear, budget and objectives of a given study will dictate the suite of tools that are available for sampling fish, as outlined in Casselman et al. (1990) and Bonar et al. (2009) . Beyond sampling fish, the aforementioned challenges also make it difficult to sample habitat characteristics used by fishes.
There are a growing number of technological solutions to studying fish and fish habitat in rivers including imaging tools such as hydroacoustic surveys, DIDSON cameras, and fish tracking systems (e.g. radio and acoustic telemetry). These tools are expensive and there is a level of expertise and capacity needed to use them, but the benefit is that the techniques do not require lethal sampling (Cooke 2008). One of the few studies to employ such methods to date was conducted by Hahn et al. (2011) who used radio telemetry to study fish movement and habitat use in a neotropical river in Brazil and identified a number of challenges involved in the use of this technology. In general, the use of many of the technology-based tools tends to be restricted to developed countries. Moreover, migration/movement studies tend to occur at smaller scales rather than that of the species' entire migratory capacity. There is a need for development and calibration of additional tools for the sampling of riverine fish with an emphasis on tools that can be used in regions where little research on riverine fish has occurred (e.g. developing countries). Also needed are workshops and guidebooks to build capacity in developing countries for use of tools for the study of endangered river fish (e.g. Baras et al. 2002) . For endangered river fish, even once data have been collected, a number of analytical challenges remain, such as variable catches, zero catches, poor abundance estimators, or too few fish to develop biological models. There are, however, a growing number of quantitative tools for addressing those challenges inherent to endangered river fish (e.g. see Wenger & Freeman 2008 , Schloesser et al. 2012 .
Although collection of data via scientific ap proaches is fundamental to resource management, people that live along the shores of rivers and rely on river fisheries for their daily survival often have an intimate knowledge of fish biology. As such, river users may be able to provide managers with baseline knowledge (Valbo-Jørgensen & Poulsen 2001) . In a case study on the Mekong River, Valbo-Jørgensen & Poulsen (2001) conclude that local knowledge is an important complement to biological data, although one which is rarely considered. Stakeholder and traditional knowledge is increasingly being regarded as important in natural resource management. In the context of endangered river fish, such knowledge is likely essential, given the challenges in studying such fish and the dearth of information on their natural history. Unfortunately, in some instances, local knowledge represents the only source of information; however, there are a growing number of approaches for incorporating such knowledge into decisionmaking processes (e.g. Bayesian analyses).
Limited understanding of the human dimension in river fish conservation and management
Over the last few decades, there have been a number of conceptual and practical advances in the application of social science knowledge and research to natural resource and conservation problems (generally termed human dimensions [Ditton 2004] or conservation social science [Mascia et al. 2003] ). Humans are part of ecosystems and often play a dominant role in the threats that face ecosystems and their components such as riverine fish. Moreover, humans may facilitate or impede management or recovery strategies, so it is important to know the expected level of support from stakeholders when implementing conservation actions. Although some have argued that human dimensions research is particularly needed to improve conservation in developing countries (Saberwal & Kothari 1996) , Jacobson & McDuff (1998) suggest that the same can be said for developed countries. We concur, and believe that there is much need and opportunity for the inclusion of human dimensions studies as part of river fish conservation programmes and, more broadly, of river and watershed management.
To date, there has been very little human dimensions research specific to endangered river fish (but see Vaske et al. 1995) , although there is more research on general aspects of the human dimensions of river basins and their management. Although we focus our paper on endangered river fish, these animals are part of the broader ecosystem, and given the range and complexity of issues associated with rivers, the concept of integrated water resource management (IWRM) is often regarded as a necessity in which biophysical and socio-economic elements are integrated (Newson 2004 , Beard et al. 2011 . A key component of IWRM is setting priorities for river restoration and management (Newson 2004) ; however, there can be conflict between biophysical and social criteria (Fryirs et al. 2007 , Koehn & Lintermans 2012 Theme Section) when setting priorities. Stakeholders have a wide range of motivations for their support for, or involvement in, river conservation activities, so knowledge of the heterogeneity of perspectives (e.g. cultural, religious, political) may be needed to identify approaches that recognize and balance this range of priorities and motivations (Fryirs et al. 2007) . Understanding the social impediments to river conservation, such as social ties to floodplain agriculture protected by levees that prohibit floodplain reconnections, is a prerequisite to the identification of win-win scenarios for stakeholders and endangered river fish. There can also be conflict among stakeholders, and human dimensions re search includes efforts to understand the basis of conflict such that it can be managed and diffused. Another major contribution of human dimensions research is to further our understanding of the social forces that lead to environmental change (Clausen & York 2008) . To that end, when the factors responsible for declines in, or threats to, river fish are known, it would be useful to know what influences the level of support that could be expected from stakeholders when im plementing various management strategies.
Also needed is a discussion about the type of political, economic, and social organization that may be required to create a society where human well-being and ecological integrity are maintained (Clausen & York 2008 ) before more imperiled riverine fishes become extirpated. Castle (2001) suggested that for the Columbia River, the reestablishment of fish spawning runs to historical levels is likely unattainable and represents a more complex problem than adjusting a trade-off between environmental preservation and economic development. Castle's (2001) findings further emphasize the need for information on how different stakeholders view endangered river fish and what they would be willing to do (trade-off) to ensure they are protected or restored. One tool that human dimensions scientists may use is modelling of the economic value of investment in different types of management actions. Clearly the needs for human dimensions research are great and they extend beyond simply focusing on endangered river fish to include integrated water management and how river fish are perceived and prioritized by different stakeholders in that framework.
Efforts focused on a single species often fail to address broader-scale problems
A primary challenge with riverine species management and conservation is to ensure that river ecosystems -and not just a single species or subset of species -are conserved. Efforts to conserve one species often may not address the broader issues that have been implicated in the decline of other fishes (see Knight et al. 2012) . Because many river fishes are imperiled, management actions focus on these species through mitigation activities. As an example, stocking (i.e. conservation aquaculture; Drauch Schreier et al. 2012, this Theme Section), translocating, or reintroducing an endangered species alone may not address the issue that caused the lack of natural reproduction (Lintermans 2012 , Paragamian 2012 , both this Theme Section). Monitoring and resto ration programs often dictate success based on recovery or stability of a species listed by government agencies as endangered or threatened. Indeed, very few papers on endangered river fish incorporate data for more than a few fish species (but see Koehn & Lintermans 2012 , Schloesser et al. 2012 . However, biological integrity of rivers incorporates species diversity, composition, and function (Karr 1981) . Many restoration activities may not necessarily achieve the goal of increasing biological integrity be cause some fish species use only certain habitats (e.g. Galat & Zweimüller 2001) which may not be the target for restoration. This is often the case with habitats that are inundated after dam construction. In general, efforts to address imperiled species in reservoir habitats have been lacking although there are some cases where coordinated enhancement and monitoring programmes have had some success (Lintermans 2012) . Rivers are complex systems that interact with the environment both longitudinally and laterally. Because these interactions are complex and often species specific, more restoration efforts may need to incorporate broader biological responses than those of a single species (or suite of species) to be considered successful in terms of the restoration of a riverine system (Koehn & Lintermans 2012) .
Limited effectiveness of governance structures that address river fish populations and rivers that cross multiple jurisdictions
For migratory fish that cross international borders or fish that occur as shared stocks in international river basins, one of the greatest management needs is collaborative action to regulate fisheries and maintain river health. Even within a single country, there can be challenges with multi-jurisdictional overlap among different levels of government (Koehn & Lintermans 2012) . Unfortunately, regulation and management of freshwater fish, including imperiled freshwater fish, do not often occur at an international scale. This may be, at least in part, because management of inland waters (and freshwater biodiversity) has historically been viewed as a sovereign issue. Nonetheless, transboundary governance and cooperation are urgently needed for many species (Valbo-Jørgensen et al. 2008) , including diadromous species such as salmon, sturgeon (e.g. Paragamian 2012), and eels as well as obligate freshwater species that migrate long distances, such as catfish of the Mekong and Amazon Rivers or dorado in south American systems (e.g. Hahn et al. 2011) . In the absence of effective regulation, transboundary, migratory fish may be particularly susceptible to a wide range of threats: overfishing (which often occurs at rearing and spawning sites, as well as in migration corridors), loss of habitat, loss of connectivity between critical habitats, and alteration of the river itself (e.g. water quantity, quality, flow, and temperature). The large-scale decline of many transboundary, migratory fish highlights the seriousness of this issue (Casselman & Cairns 2009 , Jaric et al. 2009 , Limburg & Waldman 2009 .
While lack of effective governance structures may be an obstacle to successful management of migratory, transboundary fish stocks in many locations, mechanisms do exist to facilitate international cooperation (Coates et al. 2000) . Mechanisms include international conventions such as the Convention on Biological Diversity (CBD), the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), and the Convention on Migratory Species (CMS) as well as regional river basin agreements, like the Mekong Agreement, and frameworks established by international organizations such as the Food and Agriculture Organization's (FAO) Code of Conduct for Responsible Fisheries. These mechanisms are potentially powerful tools for management of river fish, but most suffer from shortcomings that have limited their effectiveness. For example, CITES focuses almost exclusively on species in international trade and thus is often not an appropriate management tool for species that are not subject to international trade (including many highly threatened species). In contrast, CMS is designed specifically to facilitate the management of transboundary migratory species but is limited by the relatively small number of taxa listed and the restricted geographical distribution of its signatories. CMS is also limited by lack of knowledge of the spatial ecology of species, since in order to be listed in the Appendices of CMS a species must be shown to migrate across an international border. Regional agreements, such as the Mekong Agreement and the Great Lakes Fishery Commission have been effective facilitators of fisheries management efforts but their geographic reach is by definition limited, and such agreements are not yet widespread enough to deal with lack of governance on a global scale.
While each case is unique, it is clear that the management and conservation status of many freshwater fish species -on every continent with transboundary rivers -could be improved through international cooperative efforts. The effectiveness of governance structures at facilitating management of transboundary stocks, including those that are endangered, depends on many of the factors discussed above: reliable information on life history and migratory behavior; information on the relationship between flow, fish ecology and fisheries production; an appreciation of the value of fisheries and other ecosystem services; and capacity to predict how management measures will impact fish stocks. In this sense, many of the obstacles to effective management and conservation (e.g. lack of data on life history, general difficulty of study, lack of appreciation of value of freshwater fisheries) reinforce one another, illustrating the challenges ahead and the need to confront these issues in a comprehensive manner whenever possible. Relatedly, the above discussion assumes that science is the basis for decision making and that the science− policy interface is receptive to knowledge mobilization (Brosnan 1995) . Unfortunately, that is not always the case, and this can lead to inaction or misinformed action related to the conservation of endangered river fish.
CONCLUSIONS
In this paper we identified and discussed 10 general factors that we believe may hinder the conservation and management of endangered river fishes. Each of these factors can also be viewed as a research or implementation need that may need to be addressed to enable effective conservation action. These factors were identified through a review of the literature and through an examination of the themes that emerged from the papers published as part of the Theme Section on Endangered River Fish in Endangered Species Research. Although our focus was on endangered river fishes, the issues that we discuss are germane to many river fishes and river systems. Failure to address the issues identified in this paper will further delay our ability to respond to the crisis facing river fishes globally. There is need for immediate and concerted efforts to address knowledge gaps related to the biology of river fish and their environmental requirements as well as the human dimension of river fish. One promising approach is to better characterize the ecosystem services provided by river fish such that they are ascribed a meaningful value that can be used when interacting with decision makers. Governance structures for river management may be most effective if they recognize the connectivity of systems and the fact that fish do not respect geo-political boundaries. Moreover, there is a need to increase capacity for both science and management in developing countries where currently there are many threats facing river fish. Management strategies that are holistic and focus not only on endangered river fish, but also on the broader ecosystem (usually on a basin scale) will be necessary for future conservation of these systems. Of course no solution will be effective in any of these river basins unless it is implemented through cooperation across social, economic, and political boundaries using an ecosystemic approach. However, imperiled river fishes require recovery and management plans that may include costly interventions such as the use of captive breeding (e.g. Drauch Schreier et al. 2012 ) and stock enhancement activities. We hope that the factors identified here will be addressed by the scientific and management communities as well as stakeholders so that there can be collective progress on the recovery of endangered river fish populations and protection and sustainable management of those populations that risk endangerment in the future. The papers presented as part of the Theme Section on endangered river fish go some way to addressing these issues but there is certainly much more needed. 
